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Vassyl A. Lonchyna 
Lung transplantation is now a well accepted therapeutic 
option for a multitude of end-stage pulmonary diseases. 
After many years of experimental lung transplantation, 
the first successful single lung transplant (SLT) in a 
patient with pulmonary fibrosis was finally performed 
by Cooper’s group in 1983.’ This success can be 
attributed to their meticulous investigation of the prob- 
lem of bronchial anastomotic dehiscence, which uni- 
formly plagued the early transplant experience.’ Rein- 
forcing the bronchial anastomosis with omentum and 
avoidance of steroids for 3 weeks postoperatively as- 
sured the first lasting successes in lung transplanta- 
tion.3 
Success with SLT led to the technique of bilateral 
lung transplantation (BLT), first as an en bloc double 
lung necessitating a left atrial and tracheal anastomosis, 
and then as sequential SLT with separate right and left 
bronchial ana~tomosis.~ The technique continues to 
evolve. 
During 1996,805 lung transplants were performed in 
the United States. Of these, 418 were SLTs and 387 were 
BLTs. According to UNOS (United Network for Organ 
Sharing) the survival of SLT patients at 1 month is 
91.670, at 1 year 77.4%, at 3 years 56.670, and at 5 
years 39.9%.’ This article is based on the experience 
gained with 225 lung transplants performed at Loyola 
University Medical Center in Maywood, Illinois since 
1990. 
Indications 
Lung transplantation is indicated in those patients who 
have reached the end-stage of their pulmonary disease 
and are not expected to live longer than 1 to 2 years. 
Patients generally have a markedly diminished exercise 
capacity, are oxygen dependent, and have deteriorating 
pulmonary function tests. Although debilitated from 
their lung disease, for successful lung transplantation, 
their other organ systems must be near normal. Pa- 
tients who are septic, ventilator dependent, malnour- 
ished, and those with other end organ failure, malig- 
nancy, or other life-threatening conditions are currently 
not candidates for lung transplantation. 
The most frequent conditions of patients to be consid- 
ered for SLT are obstructive and interstitial lung 
diseases. Patients with pulmonary hypertension may 
undergo a heart-lung transplantation, BLT or SLT.6 
Patients with infectious processes such as cystic fiirosis 
or bronchiectasis should undergo BLT to clear out all 
infected lung tissue and prevent subsequent contamina- 
tion of the transplant. 
Patients with emphysema or alpha-one-antitrypsin 
deficiency reach the point at which they should be listed 
for transplantation when their forced expiratory vol- 
ume in one second (FEV1) is less than 25% of predicted. 
In idiopathic pulmonary fibrosis, when their forced 
vital capacity (FVC) is below 65% of predicted and the 
patient does not respond to steroid therapy, survival at 
1 year is less than 50%. UNOS regulations recognize 
this greater chance of dying while awaiting transplanta- 
tion by allowing a credit of 90 days at the time of listing 
for transplantation. 
For treatment of severe pulmonary hypertension 
with resultant right ventricular failure, heart-lung trans- 
plantation has been very successful. Because it was 
noted that the right ventricle can remodel after relief of 
pulmonary hypertension in diseases such as chronic 
pulmonary embolism, SLT has been successfully ap- 
plied to patients with primary pulmonary hypertension. 
There is almost immediate improvement of pulmonary 
arterial pressures po~toperatively,~ which leads to recov- 
ery of right ventricular function.8 These patients are 
operated upon using cardiopulmonary bypass (CPB). 
Which Side to Transplant? 
Which lung should be transplanted depends on anatomi- 
cal, pathological, and physiological factors. One should 
choose the side that demonstrates worst function based 
on ventilatiodperfusion mismatch. For patients with 
previous thoracic operations, such as resection, 
pleurodesis, or chest tube insertion, the nonoperated 
side is preferable but not mandat01-y.~ For those with 
chest wall deformities and scoliosis, the side with the 
greater chest capacity should be chosen.1° 
On the left side, although the left ventricle may be in 
the way, the length of the pulmonary veins are usually 
suitable for easy placement of a vascular clamp for 
anastamosis. There is more room in the right chest for 
transplanting a lung, but the right pulmonary veins are 
short and often the interatrial groove must be dissected 
to achieve adequate length for placement of a clamp on 
the left atrium for performance of the venous anastomo- 
sis. 
When transplanting a patient’s lung who has chronic 
obstructive pulmonary disease (COPD), the right side is 
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favored hecause the remaining emphysematous left lung 
can expand easier by displacing the left diaphragm 
downward, thereby minimizing the potential for hernia- 
tion across the mediastinum. For the same reason, the 
left side is favored for transplanting a lung in a patient 
with pulmonary fibrosis because of the potential for 
expanding the thoracic space to accommodate the new 
lung, especially if it is oversized. In secondary pulmo- 
nary hypertension, lung transplantation is performed 
on the right side when an intracardiac defect is repaired 
simultaneously. Finally, one must determine ahead of 
time if either side is suitable for transplantation because 
the donor organ availability may change unexpectedly. 
CPB-When to Use it? 
While the lung is dissected in preparation for pneumo- 
nectomy, single lung ventilation is instituted to deter- 
mine if the patient can tolerate ventilation on one side. 
To increase the chances for successful single lung 
ventilation, the worst side is chosen for transplantation. 
Preoperative suctioning of secretions helps to maximize 
the ability to maintain ventilatory stability during single 
lung ventilation. 
Patients with obstructive lung disease rarely require 
CPB, whereas those with restrictive lung disease have a 
greater chance of requiring CPB for a successful SLT. 
In this latter group, poor results of preoperative testing 
of cardiopulmonary reserve, such as the 6 minute walk, 
oxygen requirements during exercise, and nght ventricu- 
lar function are predictors of the need for CPB.” 
Patients with pulmonary hypertension are routinely 
placed on CPB.’” Temporary damping of the pulmo- 
nary artery helps to determine hemodynamic stabil- 
ity. The surgeon must be ready to place the patient on 
partial CPB when pulmonary artery pressures are 
elevated, with ventilatory compromise (acidosis, hypox- 
ia, hypercarbia, hyperinflation, or decreased lung com- 
pliance), or with hemodynamic instability (hypoten- 
sion, dysrhythmias, falling cardiac index, or ventricular 
dysfunction). If desaturation occurs during single lung 
ventilation, clamping of the pulmonary artery may 
decrease the shunt and allow for safe maintenance of 
ventilation without the need for CPB. 
Several options are available for cannulation: (1) 
femoral vessels for both arterial and venous lines; (2) 
the ascending aorta for arterial and the right atrium for 
venous lines on the right side; and (3) the aortic arch or 
descending aorta for arterial and the left atrial append- 
age or main pulmonary artery for venous lines on the 
left side. 
Most of the dissection of the hilum and vessels should 
be performed before heparin (2 to 3 mg/kg) is adminis- 
tered. Because there may be extensive pleural adhe- 
sions, and because of the possibility of using CPB, 
aprotinin is often used to minimize bleeding.‘j Perfu- 
sion should be maintained at normothermia unless an 
intracardiac repair is performed. As soon as flow and 
ventilation are established in the new lung, CPB is 
weaned and protamine is administered to reverse the 
effects of the heparin. 
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SLTRGICAL TECHNIQUE 
The patient is brought to the operating room and 
monitoring lines are established. These include a radial 
arterial line, pulmonary artery catheter, and large-bore 
intravenous catheters. An epidural catheter is placed 
for postoperative pain control. The patient is then 
anesthetized and intubated with a double-lumen tube. l6 
Care must be taken not to hyperinflate the lung to 
prevent intrinsic-positive end-expiratory pressure 
(PEEP) and to minimize the occurrence of a pneumotho- 
rax before the chest is opened.” Bronchoscopy is 
performed to clear secretions. A Foley catheter (Bard, 
Covington, GA) is placed. The patient is then positioned 
in a lateral decubitus position, an axiUary roll is placed, 
sand bags are placed in front and back of the patient to 
stabilize the torso, and the table is flexed. The ipsilat- 
era1 groin is prepared to allow for possible CPB by 
rotating that hip posteriorly. The lower leg is bent, the 
upper leg is extended, and pillows are placed between 
them for adequate padding. Both arms are extended 
forward and superiorly and are well padded. A warm- 
ing blanket is placed over the lower extremities below 
the groin. The skin is prepared with alcohol to defat the 
skin, followed by betadine soap and then betadine 
solution. Paper towels mark the operative field, fol- 
lowed by a plastic drape over the prepared skin and 
then by paper drapes. The patient is given a prophylac- 
tic antibiotic, either a Cephalosporin (Bristol-Meyers, 
Princeton, NJ) or, if allergic to Penicillin (Bristol- 
Meyers), Vancomycin (Abbott Labs, Chicago, IL). A 
transesophageal echo probe is placed at this time for 
continuous evaluation of ventricular function, success- 
ful deairing maneuvers, and verification of flow through 
the vascular anastomosis. The pulmonary artery cath- 
eter is used routinely in lung transplant patients to alert 
for increases in pulmonary pressures and right ventricu- 
lar dysfunction. 
/ 1 The incision is a lateral thoracotomy.’* Even with a limited 
skin incision, one can still have excellent exposure of the 
thoracic cavity. The latissimus dorsi muscle is spared by 
dissecting it superiorly and inferiorly, then retracting it later- 
ally. The serratus anterior muscle is split and the chest is 
entered through the fourth or fdth intercostal space. The 
intercostal muscles are incised and a Tuffier rib retractor 
(Codman/J&J Co, SomerviUe, NJ) is placed and slowly cranked 
open. To prevent rib fracture, a muscle relaxant is given. The 
intercostal muscles and endothoracic fascia are split anteriorly 
to the level of the internal thoracic vessels and posteriorly to the 
rib angle. Alternatively, an anterior axillary muscle-sparingI9 or 
a standard posterolateral thoracotomy may be preferred. 
SINGLE 1,lTR’G TRAMPIANTATION 145 
Right 
lung 
Right 
pulmonary 
pulmonary vein 
vein 
2 The ribs are slowly spread open with the retractor. A second Tuffier rib retractor is then 
placed in a perpendicular direction in order to retract the skin and the latissimus dorsi muscle. 
The lung is collapsed, and the patient is maintained on single lung ventilation. Adhesions are 
divided by cautery or scissors and the inferior pulmonary ligament is divided. The pleura is 
incised anteriorly at the Mum. The course of the phrenic nerve should be noted to avoid traction 
or other injury of this nerve. The superior and inferior pulmonary veins and the pulmonary 
artery are dissected to their first branches. 2-0 silk ties are placed around these branches distally 
and around these branches distally and around the main trunk proximally. The posterior pleura 
is incised and the hilar dissection is completed. The pneumonectomy is performed only after the 
donor lung arrives in the operating room. The superior pulmonary vein is stapled first, following 
the tying of each branch. The vascular stapler (TA 30V; Ethicon, Inc/J&J Co, Somerville, NJ) is 
positioned as far distally on the vessel as possible so as to leave a long cuff. Once the stapler is 
fired, the pulmonary vein is transsected with the scalpel cutting directly on the stapler. When 
removing the stapler, a Satinsky vascular clamp (Codman/J&J Co, Somerville, NJ) is kept ready 
at hand in case the stapler has misfired. 
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3 The procedure is repeated with the inferior pulmonary vein ligating the distal 
branches separately and then placing a stapler across the main vein distally to leave as 
long a stump as possible. The vein is transsected. The pulmonary artery is dissected and 
silk ties (not pictured) are placed around the branch to the upper lobe, and a separate 
one is placed around the distal trunk. The stapler is placed and fired across the distal 
part of the pulmonary artery and the artery is transsected. 
SINGLE LIYNG TRANSI’LAKTATION 147 
4 Enlarged lymph nodes obscuring the hilum are dissected toward the specimen 
side and their feeding vessels are ligated with metal clips. The main-stem bronchus 
is exposed and the tissues from the take off of the upper lobe bronchus are 
dissected distally. The bronchus is transsected one to two cartilaginous rings 
proximal to the take off of the upper lobe bronchus. Care is taken not to dissect 
away the peribronchial tissues from the proximal part of the bronchus at the line of 
transsection to ensure good blood supply to the bronchus. 
Transsected 
riaht bronchus 
pericardium - /  
5 A scalpel is used to transsect the cartilaginous portion of the bronchus 
flush. The membranous portion of the bronchus is divided leaving a flap 
protruding several millimeters beyond the plane of the transsection. The 
pneumonectomy is completed and the lung is removed. Secretions in the open 
proximal bronchus are suctioned. The balloon of the double lumen endotra- 
cheal tube is observed and adjusted if necessary. Hemostasis around the 
bronchus is secured by metal clips for the bronchial arteries and the lymphatics. 
Large lymph nodes that will interfere with the anastomoses are removed. The 
superior and inferior pulmonary veins are dissected intrapericardially. The 
pericardium should be opened widely enough that it does not constrict the 
vascular anastomoses. On the right side, the interatrial grove may be dissected 
to allow space for the placement of a Satinsky vascular clamp. The pulmonary 
artery is dissected intrapericardially to permit placement of the vascular clamp. 
The operative field is meticulously checked for hemostasis. The patient is now 
ready for the donor lung. 
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6 See legend on next page. 
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6 Donor lung procurement is often performed with a different team harvesting the 
heart. Bronrhoscopy is first performed to rule out anatomical anomalies. severe 
tracheobronchitis, evidence of aspiration. or copious amounts of purulent secretions. A 
median sternotomy is performed and a Morse chest retractor (CoclmanlJ8rJ Co, 
Somerville, NJ) is placed with the open end faring the abdomen, so as to facilitate and 
not hinder the exposure for the abdominal harvesting team. The pericardium is opened 
and the heart is inspected. The pleura is opened widely on both sides and each lung is 
inspected for evidence of bullous disease, hemorrhage, or contusions. Adhesions are 
taken down. Extremely dense adhesions of one or both chest cavities are contraindica- 
tions to the harvesting of the lung from that cavity. The inferior pulmonary ligament is 
divided. The superior vena cava is dissected and ties are placed around it. The superior 
aspect of the mediastinum is dissected, the innominate vein and artery are dissected free 
and ties are placed around them, and the trachea is dissected and umbilical tape is 
placed around it. The aorta and the pulmonary artery are separated. When the 
abdominal team has completed their dissection, 30,000 units of heparin are administered 
intravenously into the donor. A standard cardioplegia needle is placed in the aorta and a 
12F arterial catheter is placed in the pulmonary artery. Prostaglandin 1-E (500 pg) is 
injected directly into the pulmonary artery just before the cross-clamp is to be placed on 
the aorta. The innominate vein is ligated and is transsected between ties. The superior 
vena cava is ligated and transected. The aorta is cross clamped. Cardioplegia is 
simultaneously injected into the heart while cold pulmoplegia (a modified Euro-Collins 
solution [Abbott Labs, Chicago, IL]) is infused into the pulmonary artery. At least 3 L 
are infused. Venting is achieved by incising the inferior vena cava and placing a pool-tip 
sucker at its orifice to reclaim cardioplegia coming from the coronary sinus and warm 
effluent coming from the abdominal organs. The left atrial appendage is transsected to 
allow egress of the pulmoplegia from the left side of the heart. Iced saline is placed 
around the heart and in both chest cavities to provide topical hypothermia for the heart 
and lungs. The anesthesiologist continues ventilating with an fractional-inspired oxygen 
(FI02) of loo%, gently inflating the lungs. When the pulmoplegia is infused, the 
anesthesiologist pulls the endotracheal tube back while maintaining the lungs inflated at 
two thirds capacity. The trachea is then stapled with a TA30 stapler (Ethicon, Inc/J&J 
Co, Somerville, NJ). A second staple line is placed proximally. I prefer to excise the heart 
and lung enbloc.’O Alternatively, the heart may be taken sequentially in situ.2* The 
transection of the inferior vena cava is completed, and the pericardium is incised on the 
left side parallel with the diaphragm to the esophagus, and then superiorly parallel with 
the esophagus and posterior to the hilum. The superior aspect of the pericardium is 
incised and it joins the posterior incision. The pericardium is dissected in the same way 
on the right side. The cannulae are then removed and the aorta is transsected. The 
trachea is divided between the two staple lines and dissected from the mediastinum 
staying posterior to the trachea. The entire heartilung block is removed. At the side 
table, the heart is excised taking care to leave an adequate left atrial cuff around the 
pulmonary veins. One must be careful not to separate the superior and inferior 
veins-they must join to form a single orifice. The incision is started halfway between the 
confluence of the pulmonary veins and the coronary sinus. The main pulmonary artery 
is transsected at its bifurcation and the heart is then packaged separately. When the 
lungs are separated for two patients, a staple line is placed across the left main stem 
bronchus at the carina and transsected between two staple lines. In this way, both lungs 
are kept partially inflated. The pulmonary artery is divided at its bifurcation. The left 
atrial bridge between the right and left pulmonary veins is divided in the middle leaving 
an adequate cuff for both. Each lung is then packaged separately in a sterile plastic bag 
with iced saline surrounding it, placed in two additional plastic bags for sterile 
protection, and then placed into an insulated container surrounded by ice for transport 
to the recipient hospital. 
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Peribronchial 
7 The donor lung is brought up to the operative field in a bowl surrounded with iced saline. 
The pulmonary veins and cuff of left atrium are identified. Attachments of the pericardium to 
the vessels are freed. Minimal excess tissue is trimmed. The pulmonary artery is identified and 
inspected for possible pulmonary emboli. The stapled end of the bronchus is transsected. 
Secretions are suctioned and lavaged with a small amount of saline and cultures are sent. The 
main-stem bronchus is then trimmed within two cartilaginous rings of the take off of the upper 
lobe bronchus. The cartilaginous portion is cut flush and the membranous portion is cut 
leaving a flap extending proximally several millimeters. Care is taken not to dissect any of the 
surrounding tissues in order to preserve the fine network of blood vessels surrounding the 
bronchus. The attached pericardium is trimmed appropriately, and the lung parenchyma is 
inspected for blebs, hemorrhage, areas of contusion, or evidence of inadequate lung 
preservation. An ice cold pad is placed in the chest and the donor lung rests on this during the 
implantation. An additional cold pad is placed over the deflated lung to slow the warming 
process. The bronchial anastomoses is performed first. The bronchus is lined up end to end 
with cartilage against cartilage. In case of a size mismatch, the smaller bronchus will be 
telescoped into the larger one. 4-0 Maxon (monofdament polyglyconate) sutures (Sherwood 
Davis & Geck, UK) are used. Two stay sutures are placed at either end at the junction between 
the membranous and the cartilaginous portion and tagged with hemostats. The bronchial 
anastomoses is performed first because it is a fixed structure within the Mum and also to close 
the open airway as soon as possible. 
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8 A4-0 Maxon suture is used as a continuous suture line in the membranous portion, taking care to evert 
the edges. The extended membranous flaps on both the donor and recipient sides allow for a stronger 
anastomoses, and the eversion of the edges allow a smooth suture line on the inside of the airway. Once the 
continuous suture line is completed, it is pulled from both ends and, with the aid of a nerve hook, cinched 
snuggly. The two stay sutures are tied and each end of the continuous suture is tied to the corresponding 
corner suture. A polypropylene suture should not be used for the bronchial anastomosis because it causes 
increased reaction and later often extrudes into the lumen of the airway. 
9 The anastomosis of the anterior cartilaginous wall is performed with interrupted 4-0 Maxon sutures. 
Each suture is placed either through the cartilage or around it. The two ends of the suture are then tagged to 
the towels with a hemostat to keep them in order. Typically 8 to 10 sutures are placed. The individual sutures 
are tied starting at one end, then alternating with the opposite end so that the tension is distributed 
uniformly. Six knots are placed in each suture. The peribronchial tissues are then pulled to cover the 
anastomosis and stitched loosely. 
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10 The next step is the pulmonary venous anastomosis. On the right side, the interatrial 
groove usually is dissected to achieve adequate length of the pulmonary veins. The left side has 
an adequate length. The left atrial appendage often gets in the way so the pericardium should 
be excised initially only around the left pulmonary veins until the venous anastomosis is 
completed. A Satinsky vascular clamp is placed on the left atrium with enough cuff to perform 
the anastomosis. The patient is observed for potential hemodynamic instability due to the 
clamp compromising return from the opposite pulmonary veins. The individual staple lines of 
the superior and inferior pulmonary veins are excised and the two venous openings are 
connected by cutting the bridge between them, forming a single orifice for anastomosis. A cuff 
of at least 5 mm is needed to perform the anastomosis. The venous cuff of the donor lung must 
likewise have a single orifice and must therefore have sufficient atrial tissue attached. I do not 
remove excessive pulmonary venous tissue but rather fold it back. This helps in judging the 
optimum length of the vessel, thereby preventing kinking of the anastomosis. The anastomosis 
is begun by orienting the donor vein to the recipient left atrium so that it is directly end to end 
and there is no rotation along the axis of the venous anastomosis. The end-to-end anastomosis 
is started with a 4-0 polypropylene suture anchored at the inferior end. The posterior suture 
line is running, taking care to evert the edges to end up with a smooth anastomosis. The 
everting suture provides a double layer of tissue that strengthens the anastomosis. Once the 
superior end of the vein is reached, a second 4-0 polypropylene suture is anchored and the 
posterior suture line is tied to it. Inspection of the posterior line at this time allows any gaps to 
be closed with additional sutures. The anterior suture line is started at both the superior and 
inferior ends and run to meet in the middle. The suture is not tied yet but tagged and set aside. 
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1 1 A Satinsky clamp is placed on the pulmonary artery and the staple 
line is excised. The Satinsky clamp is opened briefly to flush out any 
proximal thrombus. The pulmonary artery is aligned, the cuff folded onto 
itself to provide a double layer, and the anastomosis is started at the 
inferior end with a 5-0 polypropylene suture. If there is a mismatch in the 
size of the pulmonary artery, the donor or the recipient end of the artery 
may be spatulated. In the case of a markedly enlarged recipient pulmo- 
nary artery, a vascular staple line can be placed tangentially to narrow 
one side of this artery. 
The posterior suture line is performed using a continuously everting 
suture. The double layer of tissue adds to the strength of the anastomosis, 
and eversion of the vascular wall provides a smooth anastomosis joining 
the endothelial layers. At the superior end of the artery, another 5-0 
polypropylene suture is tied and the continuous suture is anchored to it. 
The anterior suture line is continued with the sutures from the inferior 
and from the superior ends and meet in the middle. Before completing this 
anastomosis and before allowing warm blood to perfuse the donor lung, 1 g 
of methylprednisolone is injected intravenously. The two suture ends are 
held with a hemostat. 
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12 The Satinsky clamp on the pulmonary artery is now opened. The ends of 
the sutures of the pulmonary artery and the pulmonary vein anastomosis are 
kept loose to allow for de-airing at both sites. When the preservative solution is 
flushed out, the lung is satisfactorily perfused, and the vessels are properly 
de-aired, the pulmonary artery is re-clamped and the pulmonary artery 
anastomosis is tied followed by the pulmonary venous anastomosis. The left 
atrial clamp is removed followed by the clamp on the pulmonary artery. The 
anastomoses are checked both anteriorly and posteriorly for leaks. Additional 
polypropylene sutures are placed as needed. Pads are removed from behind the 
lung and hemostasis is again checked. The bronchus is suctioned by the 
anesthesiologist before completion of this maneuver and the lung is ventilated. 
The chest cavity is flooded with saline and, with a sustained airway pressure of 
30 mm of Hg, the bronchial anastomosis is checked for air leaks. 
Bronchial 
wrap 
anast amoses 
13 While gently ventilating the lung, the pericardium attached to the donor lung is 
trimmed in a long and narrow fashion. The superior aspect of the pericardium is 
loosely wrapped around the bronchus going superior to the pulmonary artery and then 
surrounding the bronchial anastomosis. This is kept in place with a loose stitch. 
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with pericardium 
14 Meticulously check for hemostasis and air leaks. The 
chest is now ready for closure. Two 36F chest tubes are 
positioned: a straight tube is placed superiorly toward the apex 
and a right-angled tube is aimed posteriorly at the level of the 
diaphragm. The ribs are reapproximated with no. 1 chromic 
pericostal figure of eight sutures. The fascia of the serratus 
anterior is approximated with no. 1 Dexon suture (Ethicon, 
Inc/J&J Co, Somerville, NJ). The latissimus dorsi muscle is 
allowed to return to its normal position. The fascia is closed 
with 2-0 Dexon running suture followed by a 4-0 Dexon for the 
subcuticular closure. Steri-strips are placed to reinforce the 
skin closure. The chest tubes are secured with silk sutures and 
connected to a Pleur-Evac (Atrium Medical Corp, Hudson, 
NH) at 20 mL of water suction. Bronchoscopy is performed to 
check the bronchial anastomosis and to suction secretions and 
blood. 
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15 On the left side, the bronchus is inferior and posterior to the pulmonary artery. It 
should be cut short, ie, flush with the mediastinum. The ligamentum arteriosum is ligated, 
avoiding the recurrent laryngeal nerve. For CPB, the drainage may be either from the main 
pulmonary artery or through the left atrial appendage and the arterial return to the 
descending aorta. 
Postoperative Care 
At the completion of the operation, the patient is 
re-intubated with a single lumen endotracheal tube. 
Aggressive pulmonary toilet is important to clear secre- 
tions that accumulate normally after transplantation. A 
chest radiogral )h immediately after surgery is taken to 
ascertain full expansion of the lung antl evaluate post- 
perfusion infiltrates and pleural effusions. Fluid hal- 
ance must he maintained intraoperatively and immedi- 
ately postoperatively. Diuretics are used liberally to 
keep the patient “dry.” Early extuhation is preferred, 
especially for patients with obstructive disease. The 
FiOz is weaned to keep the pop at or above 90 mm Hg. 
Tidal volume is set at less than 10 mL/kg to minimize 
barotrauma in the newly implanted lung. Because there 
is a size and compliance discrepancy between the 
transplanted and native lung, air trapping, mediastinal 
shift, o r  tension pneumothorax may occur. To prevent 
this, peak airway pressures must be kept below 30 mm 
Hp0. To minimize hyperinflation of the native lung 
PEEP is not used or is used at a low setting (less than 5 
mm HzO). On rare occasion, independent lung ventila- 
tion (using a double-lumen endotracheal tube) may be 
used to treat severe air-trapping.” 
Secretions that cannot be satisfactorily suctioned 
may need to be cleared by the liberal use of flexible 
bronchoscopy. Bronchodilators, mucolytics, and incen- 
tive spirometry are used to provide good pulmonary 
toilet postoperatively. Early mobilization is necessary 
for a good postoperative course. 
Patients with pulmonary hypertension may need 
elective ventilation for 2 to 3 days. Treatment may 
require PEEP settings averaging 10 mm H20, sedation, 
and even paralysis. Positioning the patient with the 
transplanted side up helps to facilitate inflation and 
drainage of the implanted lung. Active diuresis and 
pulmonary vasodilators improve lung function. Nitric 
oxide used in cases of pulmonary hypertension dramati- 
cally decreases the pulmonary artery pressure without 
systemic hypotensive effects and may decrease the time 
spent on ventilator support.23 
Reperfusion injury occurs in a small percentage of 
 patient^.'^ The findings include hypoxemia, copious 
secretions, elevated white blood cell count, low grade 
fever, and difficulty ventilating the patient. The chest 
x-ray findings include pulmonary infiltrates, perihilar 
flaring, and pleural effusions. This may be an exagger- 
ated response of the impaired fluid clearance that 
results from disrupted lymphatic drainage. It may also 
be an indicator of ischemic injury due to inadequate 
preservation, graft failure, or graft rejection. Treat- 
ment, as for pulmonary hypertension, includes intuba- 
tion, high PEEP, paralysis, and diuresis. A transbron- 
chial biopsy to rule out rejection may be necessary to 
determine further therapy. Rejection is treated empiri- 
cally with a steroid bolus. Infection is rulecl out or 
treated empirically. If the patient is not improving with 
this therapy. extracorporeal membrane oxygenation 
support must be considered.’” 
The epidural catheter provides good postoperative 
analgesia thereby allowing earlier activity and recovery. 
It remains for 2 to 3 days postoperatively. The chest 
tubes are removed when drainage is less than 100 mL 
per day ancl there is no further air leak. 
Except for patients with pulmonary hypertension, 
most candidates for SLT can undergo the procedure 
without the use of CPB. The avoidance of CPB ensures 
fewer complications, especially those of bleeding and 
the need for transfusion of Hood products. The routine 
use of aprotinin minimizes blood loss if CPB is used. 
Patients with previous surgical procedures, multiple 
adhesions, inflammatory conditions, or with increased 
bronchial collaterals may bleed excessively postopera- 
tively. One must differentiate between a coagulopathy, 
especially if it follows the use of CPB, and mechanical 
bleeding. Although blood products may be necessary to 
reverse a coagulopathy, the surgeon must have a low 
threshold for re-exploration because the cause of bleed- 
ing may be the vascular anastomosis or a feeding vessel 
within the chest, such as the bronchial arteries. Rarely, 
the vascular anastomosis may be kinked, thereby ob- 
structing flow or causing thrombosis.’6 Evaluation may 
be by transesophageal echo, perfusion scan, or arteriog- 
raphy.” Anastomotic narrowing requires surgical revi- 
sion using a pericardial patch. 
The airway may show complications of obstruction, 
stenosis, or dehiscence. Mucous plugging must be cleared 
by suctioning with the flexible bronchoscope. Dehis- 
cence and stenosis are rare in the early postoperative 
period. If it occurs late in the course, bronchoscopy 
with balloon dilation, laser resection, and/or stenting 
with silicone or wire stents is successful in the manage- 
ment of this complication.’8 
The success of lung transplantation depends on 
teamwork and timing. The recipient is not anesthetized 
until the donor has been thoroughly evaluated and the 
lung is found acceptable. The recipient pneumonectomy 
is not performed until the donor organ arrives in the 
operating room. By that time, the transplant surgeon 
should have the lung fully mobilized and ties placed 
around the pulmonary vessels. With good communica- 
tion between the teams, a single lung transplant should 
be performed with an ischemia time between 2 and 4 
hours. 
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